Background-It has been suggested that eating green leafy vegetables, which are rich in lutein and zeaxanthin, may decrease the risk for age related macular degeneration. The goal of this study was to analyse various fruits and vegetables to establish which ones contain lutein and/or zeaxanthin and can serve as possible dietary supplements for these carotenoids. Methods-Homogenates of 33 fruits and vegetables, two fruit juices, and egg yolk were used for extraction of the carotenoids with hexane. Measurement of the different carotenoids and their isomers was carried out by high performance liquid chromatography using a single column with an isocratic run, and a diode array detector. Results-Egg yolk and maize (corn) contained the highest mole percentage (% of total) of lutein and zeaxanthin (more than 85% of the total carotenoids). Maize was the vegetable with the highest quantity of lutein (60% of total) and orange pepper was the vegetable with the highest amount of zeaxanthin (37% of total). Substantial amounts of lutein and zeaxanthin (30-50%) were also present in kiwi fruit, grapes, spinach, orange juice, zucchini (or vegetable marrow), and diVerent kinds of squash. The results show that there are fruits and vegetables of various colours with a relatively high content of lutein and zeaxanthin. Conclusions-Most of the dark green leafy vegetables, previously recommended for a higher intake of lutein and zeaxanthin, have 15-47% of lutein, but a very low content (0-3%) of zeaxanthin. Our study shows that fruits and vegetables of various colours can be consumed to increase dietary intake of lutein and zeaxanthin. (Br J Ophthalmol 1998;82:907-910) 
The two major carotenoids in the human macula and retina are lutein and zeaxanthin, 1 2 and they are often referred to as xanthophylls, or macular pigment. Handelman et al 1 found a fivefold higher content of these carotenoids in the macula compared with the peripheral retina. Snodderly et al 3 reported that macaque monkeys, which have foveal cone types like the human retina, have a consistent pattern of more zeaxanthin than lutein in the foveal centre. In the periphery zeaxanthin declines more rapidly than lutein, so that lutein becomes dominant. 2 The carotenoids are thought to function as antioxidants and/or as a blue light filter, to protect the underlying tissues from phototoxic damage. 4 5 This has been proposed as a factor, especially in the pathophysiology of age related macular degeneration (ARMD). 6 Hammond et al 7 found a correlation between macular pigment density and iris colour, and suggested a correlation between dietary carotenoid intake and macular pigment density. Such a correlation was demonstrated in two subjects by Landrum et al 8 and in a larger group by Hammond et al. 9 In recent years several epidemiological studies reported the inverse correlation between micronutrients in plasma and the risk of certain eye disorders thought to be related to free radical generation. Jacques et al 10 suggested a relation between intake of antioxidant vitamins and carotenoids and the prevention of cataract. In 1993 the Case Control Study Group for Eye Diseases of the United States evaluated the relation between a decreased plasma level of lutein and zeaxanthin and the risk of the exudative form of neovascular ARMD. 11 Seddon et al reported the results of further investigations from the Case Control Study Group for Eye Diseases, which showed that a high dietary intake of carotenoids, in particularly those in dark green leafy vegetables, was associated with a 43% lower risk for ARMD. 12 West et al 13 suggested a protective eVect of high plasma tocopherol values of ARMD, and demonstrated a correlation between ARMD and an antioxidant index consisting of ascorbic acid, tocopherol, and carotene. In 1995 Mares-Perlman et al 14 reported that a low plasma level of lycopene was associated with ARMD. The role of carotenoids in protection from ARMD was discussed in reviews by Snodderly 15 and Landrum et al. 16 Fruits and vegetables are the most important source of carotenoids in the human diet, and knowledge about this is important for preventive medicine. Several publications report the qualitative and quantitative content of carotenoids in diVerent fruits and vegetables. [17] [18] [19] [20] [21] However, many of the procedures used did not allow the separation of lutein and zeaxanthin, and they are typically reported as a single group. To date, there is no comprehensive information on the separate content of lutein and zeaxanthin in fruits and vegetables. Since the macular pigments are not evenly distributed throughout the human retina, 1 2 knowledge about this may be valuable. The goal of our study was to analyse a number of fruits and vegetables for the content of each macular pigment. This may help to give guidelines as to which food products can help decrease the risk of cataract and ARMD.
Methods

SOURCES OF CAROTENOID STANDARDS
Apo-10'-carotenal and zeaxanthin were a generous gift by HoVmann-La Roche, Nutley, NJ, USA. Lutein, carotene, and O-ethylhydroxylamine were purchased from Fluka, Ronkonkoma, NY, USA. Apo-10'-carotenalmethyl oxime was used as internal standard, and was synthesised as described elsewhere. 22 
SAMPLE PREPARATION
For the extraction procedure a 5 g piece of fruit or vegetable was used. The tissue was homogenised with a pestle in a mortar containing 1 ml of phosphate buVered saline (PBS) (10 mM NaH 2 PO 4 , water with 0.15 N NaCl titrated to pH 4.7). Sodium sulphate and sodium chloride were from Fisher Scientific, Fair Lawn, NJ, USA. The homogenate was transferred to a 7 ml vial and 1 ml of methanol, containing butylated hydroxytoluene (0.5 mg/ml) (BHT Sigma Chemical Co, St Louis, MO, USA). BHT was added before mixing the sample for 30 seconds. Ethanol was from Midwest Grain Products Co, Weston, MI, USA. For fruit juices and egg yolk, 2 ml was mixed with 1 ml methanol BHT (0.5 mg/ml). To extract the carotenoids from the samples, 2 ml of hexane and 1 ml of hexane containing the internal standard was added to the samples, and they were vortexed for 3 minutes, and centrifuged at 1800 × g for 3 minutes. The upper layer of the sample containing the carotenoids was collected and passed through a Pasteur pipette, prepared with ∼150 g of anhydrous sodium sulphate to remove any traces of moisture. The hexane extraction was repeated once with 2 ml of hexane. The extracted carotenoids in hexane are stable for several weeks at −20°C. Since the amount of extracted carotenoids was diVerent for each of the fruits and vegetables the absorbance of 1 ml of the obtained hexane phase was measured in a Shimadzu Spectrophotometer UV-2101PC. To detect the carotenoids by high performance liquid chromatography (HPLC), a certain volume of the hexane phase (100 µl-1 ml), corresponding to an optical density of 0.3, was evaporated under a steam of argon. The residue was redissolved in 60 µl methanol and 20 µl was injected on the HPLC. During the run a mix of 90% solvent A and 10% of solvent B was used. The initial flow rate was set on 0.5 ml/min. At 10 minutes a 5 minute flow gradient ramp was executed, and a final flow rate of 1.2 ml/min was established. At 22 minutes the flow rate was decreased within a 5 minute ramp to the initial setting. The total time of one run was 27 minutes.
Results
The content of carotenoids for the various fruits and vegetables is shown in Table 1 . The data are sorted by looking for the highest mole% of xanthophylls (lutein and zeaxanthin) of total carotenoids. The highest amounts of lutein and zeaxanthin were found in egg yolk (54 mole% of lutein and 35 mole% of zeaxanthin), and in maize (corn) (60 mole% of lutein and 25 mole% of zeaxanthin). In maize we found the highest mole% of lutein among all fruits and vegetables in our study. Lutein also was also the major carotenoid in kiwi fruit (54 mole%), red seedless grapes (53 mole%), zucchini squash (52 mole%), and pumpkin (50 mole%). Zeaxanthin was the major carotenoid in orange pepper (37 mol%), which was also the food with the highest percentage of this carotenoid among all fruits and vegetables (Table 1) . It is interesting that green pepper has 36 mole% of lutein and 3 mole% of zeaxanthin, whereas in orange pepper we find a carotenoid composition with only 8 mole% lutein, but 37 mole% of zeaxanthin. In contrast with the green and orange peppers described above, yellow and red pepper are vegetables with a low amount of lutein (12 mole% and 7 mole%) and no zeaxanthin. In carrots, cantaloupe, dried apricots, and green kidney beans almost no lutein and zeaxanthin were found. In green leafy vegetables the amount of lutein in spinach was 47 mole%, in stalks and leaves of celery 34 mole%, in Brussels sprouts 27 mole%, in scallions 27 mole%, in broccoli 22 mole%, and in green lettuce 15 mole%. The amount of zeaxanthin in these vegetables ranged from 0 to 3 mole%.
Discussion
Carotenoids have many biological eVects, 23 and can function as antioxidants to protect eye tissues against free radicals. [4] [5] [6] The only source of carotenoids for humans is food, and the carotenoid availability in plasma is critical in long term maintenance of adequate tissue levels. A correlation exists between carotenoid intake and plasma carotenoid concentrations. 24 However, the individual variability in plasma response to carotenoid intake in humans is large. 25 The mechanisms providing the transport of carotenoids from intestine to the tissues are not clearly understood. Scita et al 26 proposed that the uptake of carotenoids in cultured small intestine cells of rats takes place in the absence of any receptor regulation. The postprandial incorporation into lipoproteins could be demonstrated in normolipaemic subjects for carotene by Cornwell et al in 1962. 27 The transport of the carotenoids in blood, and the distribution to the diVerent tissues is done by lipoproteins. Clevidence and Bieri reported that low density lipoproteins (LDL) carries most of the total carotenoids in plasma, but they also found that individual carotenoids are not uniformly distributed among lipoproteins. 28 In their population, 67% of carotene was found in LDL but 53% of lutein and zeaxanthin was found in high density lipoproteins (HDL). 28 It might be possible that the retina is able to use this preselection of carotenoids by the lipoproteins to accumulate lutein and zeaxanthin from the plasma carotenoids. Bernstein et al recently found an ocular carotenoid binding protein in the bovine retina, 29 which could also play a role in humans. The major carotenoids in the human eye are lutein and zeaxanthin, 1-3 30 and it is not clear yet by which mechanism these carotenoids accumulate in the ocular tissues out of food. However, the amount of macular pigment can be modulated by the diet.
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Our results match those from a large analytical study of Mangels et al 21 where data from a large number of articles on carotenoids in food from 1971 to 1991 were summarised. However, typically the content of lutein and zeaxanthin was reported as a single number, and there is no easy access to information about the content of the individual macular pigments in fruits and vegetables. 21 The data in Table 1 show that there is a large variation in the amount of lutein and zeaxanthin in fruits and vegetables. Lutein is present in many fruits and vegetables, whereas zeaxanthin is found only in a small number of fruits and vegetables, and in eggs. For example, in maize 85 mole% of the carotenoids are lutein and zeaxanthin. Interestingly, in most dark green vegetables, such as scallions, green lettuce, celery, spinach, and Brussels sprouts, only traces of zeaxanthin, the most prevalent macular pigment, 1 2 30 were found. In our study, the highest amount of zeaxanthin was found in orange pepper, which was not previously analysed.
The highest mole percentage of both lutein and zeaxanthin (89 mole%) was found in egg yolk. Since eggs have a high cholesterol content, a restricted intake of eggs has been recommended for many years, since cholesterol is a risk factor for coronary artery disease. However, in recent years several studies were published showing that a higher intake of cholesterol through the addition of more eggs in the diet, results not only in an increase of serum cholesterol, but also in an increase of HDL cholesterol. 33 34 Since HDL cholesterol is protective against atherosclerosis, extra egg consumption may not change the risk index for ischaemic heart disease based on the cholesterol levels. 33 34 The consumption of eggs could actually be beneficial in order to obtain a higher intake of lutein and zeaxanthin, and since it has no severe adverse eVects on cardiac risk factors, the exclusion of eggs from the diet could be reconsidered.
The two studies of the Eye Disease Case Control Study Group in recent years showed a direct relation between the exudative form of ARMD and a decreased plasma level of lutein and zeaxanthin. 11 12 It was found that a diet rich in dark green leafy vegetables could decrease the risk of ARMD. 12 These data support the hypothesis that a higher intake of lutein and zeaxanthin can prevent this form of ARMD. However, according to our data, this recommendation may be extended to include fruits and vegetables of other colours using Table 1 as a guideline. Recently, Khachik et al 35 reported evidence for conversion between lutein and zeaxanthin through several oxidation intermediates, which would suggest that intake of lutein can also raise macular levels of zeaxanthin.
Conclusion
Our study demonstrated that consumption of fruits and vegetables of various colours would increase dietary intake of lutein and zeaxanthin, and showed that the options are not limited to dark green leafy vegetables, which were previously recommended. In this study no evidence has been produced to show that lutein and zeaxanthin reduce the prevalence of ARMD, and the evidence from other studies is not incontrovertible. 
